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Uo 

ZfetbCD. BrffH^2 ©'177 l/>*-fe;i/(Z)L£V^mj± J: »J %lSf U £ VAtf«J± 

££*i£3i3 tf)U 77 uy^izA. ££t>\ fufB^ 3 © U 7 r i/>x-fe;i/tc«g*i 
iici^aiimfipSMO s h9>s?x*<z>S£2a> h^>^a>^r^^ 

>X^(Z)ifc# 1 : aOT% 

* y x z.m i <ds<v y r 4 &nm&&kpMMo s v^yvz.Ztomzwyy* 
ny## #y*£ (Difctf l : bOt% 

itaiafg 1 ©U 77 l/>*iz;i/0)L£v>ffi«i±&V t 0, 4*- h«JEbV r NJiDNr 
Otjl/ti^Iref cellOiltSt 

^-^^^ffiL/^F^S&taH 1 <DS^m$ai ref OliaOXIref cell 

0 {CioT, 

SfS&a^U 7 7-f B£tf>iftgEfSl (Dmmnmi refOfibOXiref ce 

1 l o (c iot. 
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H2 01MHpSmo s h7>^^0f4.© V =5 y # t $ y 7, £ 
^2©i*ffiLtilMplMO S h7>^^f©l5® h^>*3>*'? * 
1 : alT% 

i&ffi&2©Sa&#ggg|p3[MO S h^>^X#tf)f«fat!4(D 

n X £ ©Jfcjb* 1 : b 1 Tf, 

f«IBII2<DU 77 l/>X-fe;i/(DL£VN'fiimffi&V t 1 (Vtl>VtO), 4* 
- hSBbV r ftfflHB£©-fe;i/«8iS& Irefcelll 

7 s -4ffS!*ffib^r©t5gB^2 (Z)3£f|l«iE I r e f Kia 1 X I r e f,ce 1 1 

WZ&fr^V y7^W<DmU&2<D&mmWLI ref lSblXlref ce 

1 1 nciot, 

ifffHH3 <Z)ff*IEn&teirffBfg3 ®'J 77 UyX±)lZ<Sfr, 
>*£tf)Jt# 1 : a 2T\ 

* >7>£3I3 <Z)^U 77-f^tOTpiMOS h7>^^©!9 (73 
ny#? *y*hl<Dlttf 1 : b 2 T% 

fufB3l3 77 U>^-fe;b(Db^V>M«JE$: V t 2 (V t 2>Vt 1 >V t 
0) , h«ffiV r Wfia&O M^nM* Iref eel 12tt5t, . 

7^-#fl<frffiLB£(£>iitjfB3|3 ffllit^ Iref 2Sa2Xlref cell 
2tC<fcoT, 

#£&#^y 7 r-fm<D tufBH 3 CDg*g««& I ref 2fib2Xlref ce 
112 tC j:ot, 

o 
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#2 0 j) 2 — 2 0 6 1 7 7 

>^tOM 1 : aOt', 

s&fB^ i ommmm p smo s h ^ > # <z> mzm i<Dh^>xn>-$c? 

3>#*^ # >*h<Z)lfc# 1 : bOT% 

t&gBaSl<BU 7 7 1/ L£v^*jBE&Vt 0. >f- h«ffiVrfr!#DB# 
©■fe^/SSK& Ire f- cellO 

^-ffS^ffiUHSfCDi&iBfS 1 I refOttaOxirefcel-l 

OICioT, . 

V 7 7 ^F»grjfBH 1 (DS^PS^E IrefOttbQ XIrefce 
1 1 0 iC J:oT, 
faSBSg 2 ©if*@ia»ttl9IBISI 2 © U 7 r uy^jlZ^fr, 

m 2 (DmmimwL p ism osh7>i?^ 4®s5>^3>^*>xt 

>*il©it# 1 : alt, 

*yX£M2(D'<V 77^ WfipSMO S h7>^^©$60h7>7x 
# >7.£©ifc# 1 : bit, 

ttrlBH2<z)y 77 i/>7xt;voi^v^«j±i:vt i (vtovto), y 

- h«ffiV r Ml[#<Z>iz;i/«?&£ Iref celiun^i, 

^-#&#ffiLI#©t&gB£2 0>||l|S«SfcI ref lliaixiref cell 
HCiot, 

^iiS^U 7 7 >f B£<Z>tfriB^ 2 I ref liiblXlref ce 

1 1 HCiot, 
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yx£.<D}&tf 1 : a2T', 

# Jt# 1 : b 2X\ 

^-^S^ffiLBf^iafBtlS <£>S*P«$fe I ref2»a2Xlrefcell 

##ii»^U 77>f &<Z>mmf&3<D&mnmi ref21ib2XIref ce 
llllCiot, 
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-f77<yi/a^^>J^ii;<fSlt^5„ 
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HI Hi, =ii/L7?vi/a.**V (fc.tz.iZ, NORM) <DW&,<Dm®*:B* 

[0 0 0 4] 

HI 11C&V>T\ (cell array) 10 1 JCtt, ' 

^y'-fe/i/ (##-fe;i/) MC^ffjrj^JCKIKatiTvxSi R-frtcBBfiStifc;*^ 
Ut^MCffl#3> hn-;i/>y- M±, KUWLO ~WLn (Do%(D 

i 6U'fe^/MC<Z>sg-Kl/>f HtR©lfy h^B LO ~B Lk <Z> ? <Z);TO 

y 9 IZ-frm 3 *lT 33 *J , R £ :7n y * 1*3© :* U iz ;i/M C 0D# V -^li 
#\ «»©V-^il» (Hja*bTV^fcV\) ©^©>tf/&"*<5:/ny*©V--;*8lJC 

ftTv*^ 

[0 0 0 5] 

#fcf v MBLO ~B Lk it. m%C<£>m%l V^Z/VT** S TO ~STk (Do*> 
<Dttl&-t& 1 o«Mh7>i>*^^5:^lT, -fe>*T>^" (Sense am 
p) 1 0 2{Cg^3*lTV^ 0 3BiRh9>^^* STO ~STk ^tl^tl© 
4*- MC, &»©3&9AiMlCO LO —CO Lm CD ? t> <Dft fa? 3 1 0©#^Aifeg 

[0 0 0 6] 

'J77U>^B»i0 3ii, fcfcjttf, io©>j77i/>xt;i/RCi:Ifi(© 
r uy^iEjiRCcDuy h u-;v¥~ bit. y 77 u^^?- KiRWL tcgcM 

£*lTV^ 0 'j77»Xt;i/RCfflKl/^>I«tt n!MOSh7> 

^^103aHlt, _hia-fe>^T>^ 1 0 2 iCg^StlT^So nlMO 
Sh5>i/'7>^103aH W-MC, 'J 77 l/>7x^J7AiRCO L^g 

[0 0 0 7] 

t>77>7'102lt nSMOSh7>^7^102a, 102b, p MM 
OSh7>^*102c, 1 0 2 d, £<fc*>\ BlTOgtll 0 2 e £#;tT*i 
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#2 0 0 2 — 2 0 6 1 7 7 

[0 0 0 8] 

niMO S V^y*J7s & 1 0 2 a © V - ±IH-fe;i/T M 1 0 1 >JCD 

#Mh7>^x^sTo ~sTk <dfu4 ymmz&mzmffiznT^z> a n 

SMO S h<yyV*9 1 0 2 a© KM >fl^ctt, pSMO Sh5>^^ 10 
2 c<Dtf- h£ Kb>f >Mt ££t>\ MIWS#|1 0 2 eCDMi{£A7J$S«KC-£*l 

[0 0 0 9] 

— nSMOS h7>i/^3?l 0 2b©V-Xi«H _hSH V ~7 T 1^ > X tlf 
SI10 3ft«nlMOS h7>^X^i0 3 a CD K M >«cfCg^3;ftT 
„ nSMO S h^>^7# 1 0 2 b CD KM >ffl$i*. plMOSh5>^^ 
1 0 2 dCD^f- hi: KM :J3«fctf, HS&W* 1 0 2 e <3D*M«kAASB 

[0 0 10] 

ftg,-nSMOSf7>^*10 2a, 1 0 2 b #4*- h (C, BIAS 
MMtfgfcj&^tlS <fc5fC&oT^£„ plMOSb5>^*l'0 2c, 102 

[0011] 

Ell 2&, ±iaLfe«J*a)zHt7^yS/a^ i EUlCfeWS^ i EU-fe;i/MCfeJ: 

g ^A#«^^UCD-fe;i/*^ (K.M>*«I d) I c e 1 1 £CDW# (Vg- 
I c e 1 l#'fS) =foCD-efeS. 
[0 0 12] 

U77b>xt;i/RC®n> hn-;i/^- Mete, #^<frffi Lf$£j; t>*« 
>7°1 0 2{C£^T> mmnmi r e f iC^fUTCD, tMitl.c ell 

cd - o " / - 1 " amfeifift t>ft&o 

[0 0 13] 

z.zz\ ^^'Jt;bMC®Vg-i d#fiB, yu-^j y>f>f- hicmmz 
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h#igv^J!&& "0" ( "0" ^-#£fE11LTV^*;Ey-fe;i/MC£ " 

0" iz;i/£^5) £U *£Jc, «^(D4^Jt«W^JSiVx^J!8, 
'J-feMCOUgv^SffiV t h#ffimKJR& " 1 " "5^ 9~ ( "1" ^-^fcfB 

[0014] 

U7 7b>^t;VRC0t;H^ (Stltil r e f ) it. ^^'JtMCffl 
;K#f£l reftt, ^^U-fe^MCOiZ^S^I cell <bffi¥ft£ <fc 5 iC 
MCC9t«I eel U'J77 l/>^t;i/RC©tM?SlI r e f ilffiUtt 

, "0" i: "l" fcT*«t£*L<&*„- 

[0 0 15] 

01 3 tt, KlC£tt y t^MCO^-MS (Vg-hontai 

) U77U>^t;i/RC©y-Mffi (Vg-ref) jt btatt%© 

[0 0 16] 

(PV) B#icte, ^^u-fe;i/MCc7)n> hn-;b>!f- hicmmv p v^m^D^ti 

£o i©ftaM , J77^tBEVpvi:'J77U>^t;bRC0^-MffV 
r£<Z>^#> *^'.;-&;i/MC©L£v^«jBbV t hiZfcW2nZ>„ ^*UCJ:U, 
"0" -fe;W*, y-hiffiVg=Vr©ilttC^>y ht7t§„ 

[0 0 17] 

RMtitc, T-t&mJkftm "i" §:M)St-^>fe^cDm*^u^T-Y 

(ev) b#ic&, ^?'Jt;bMCffln> hn-;i/>f- McMJBEVe v^Pp^^ti 
i©?ii^'j77^tJ±Ve v?:'j7 7l/>^tffiVt r e f £M>K£:-r 

cell &2 Iref 
[0 0 18] 
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Z(Dm%l£ (+Iref/-Iref) ^t>^7>^10 2{C<fcoT^ffib 

[0 0 19] 

sun -m^-* a o" , "i" zmnviffitet^v^K (-m-tjv) m 

[0 0 2 0] 

(Di&ffi&^V -7 7 4 (OEV) BflCti, ^=E'Jt;i/MC©a> hn-M- MC 
IffiV e v j: ij ti^iffiV o e v 5:PP^t5. i«*KiJ 7 7^SEV o 
e v £Efr&DL£RgUc " 1 " ii^StJ^MU -e© h CD L £ vvfii«JEE#, 
*jffiV o e v fcftlflllLfcil^lC "0" £:&Si:e>{C, §5VN#£;&*£?Te> 0 rtl 

fc<tu, mi* "i" m^©^H^tciK*^o 

[0 0 2 1] 

-#£V^3) Zn-ommy^V S/ajl^y £LTl±, fcfc;t.#M. Bauer 
et a 1 . , . " A multilevel-cell. 32Mb Flash 
memory, "ISSCC digest of technical p 
a p e r s, pp. 1 3 2 - 3, 1 9 9 5. "T^C^S tlT 3c7)EH 

i7 7r>i^n-0wm h«JEE&c:ftbT$iifcift£&oTVA5 0 
-f ^V77>ftt, ^ffi^^y ^>a*^y Sialic, ^^u-fe;i/c7) 

[0 0 2 2] 
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M^m b 7 * "t x raic»»& <fc « l y , & 51 £@r u *; 

[0 0 2 3] 
[0 0 2 4] 

y (DWP Z Bfriht-S r i: # ^tBfc^JW&tt^M*** ^ u £ffi£fcir § r £ s S ft*: 

[0 0 2 5] 

*i$K:tt\ B&fB^mo^ff^^^ y yaiRstife^aa^^^^y iz;i/ 

^JcmMco^-^^^asnfc^&fltSR'tSfeAOS^j&^^y 77>f B&jcfcj: 
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[0 0 2 6] 

tts *x feasi© tf * h M( £ , f&aB&a0>*# »tt * =e u -fe ;kz># y - * iz ^ ti^p 

bfv h»iuc«#ji«i/<y 7r>f«ffiS:PPiDL, ^-^R^ffiU^Ctt, itriS^ 

mmm%ift£.mmz> ^<tt)ii©'j77i/>7>t;^, r©ii®'j77 

i/->^-fe;i/©usv^«jEJ: y t>^bi£vNffimE££*i£#l2<z>y 77 

mumi (Dmmmmz&vzffimT-zm&ftLmvmm.&mnmzM't 



1 2 
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#2 0,0 2- 2 0 6 1 7 7 

* y * * s < , mum 2 ©*if mmm jc & w * tfriB-r - * m u © <@ 

[0 0 2 7] 

liE-T -5 3 £ #«rt6 £ & £ =fo © T' £> -5 „ 
[0 0 2 8] 

[0 0 2 9] 

[0 0 3 0] 

0 1 fCfc^T, T KU^7>yf (Address latch) lite, 
©7 KU^/U (Address bus) fr%(DT Fl/Xl:$H ^tl&^y 
ft5. 7FUX>!j'?>^ (Address counter) 12lt 7F1/ 
X7>yf 1 l©7^f7Kl/^5:^(l ^*i£;*J?> b^S, 7Kl/X;^>y7 7 
(Address buffer) 13 11 7F^7A^>^ 1 2 (Dj] V y h fti 

[0 0 3 1] 

IOA''y7 7 ( I O buffer) Hit ^Of-^/U (Data 
bus) ^ftgp©^-*^^ (Data latch) 15 il©f4"e, Ss^ffi 
L 5 s - # / W £ & # 7 s - # £ it S * Z> o 
[0 0 3 2] 

^^'J W (Me mo r y cell array) 21 te, ^if^Stt 
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#2 0 0 2-2 0 6 1 7 7 

[0 0 3 3] 

^^tHbHIS&"e*)^-fe>XT>y (Sense amp) 3 1(1 -t-*-#(£>M 
^tBLBHc. ;i=EiJWW 2 1 fttf^^y ■fe;i/©-7 s -* hlIJj& 
(column gates) 32&/rbtt>XU ±M^— % 9 y ^ 1 5 {C 

o 

[0 0 3 4] 

#^j&#®5& (Program circuit) 33 Ji, -5*- # 

hB»3 2 &^Lt, ^=EUt;i/7l/>f 2 1 p*J©#fj£ir £ t^y h*SUc3?£& 

[0 0 3 5] 

# (C o mm and register) 34 H M5(£>n> 
hD-Jl/U (Control bus) A^A7J$tl53Y> K 

[0 0 3 6] 

3>hD-7 (Controller) 3 5 it. 2T>Kb^X^34 
[0 0 3 7] 

D^f3-^ (Row decoder) 36 l±, ±E7 KP7vA^7 7 1 3 
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[0 0 3 8] 

Jj^^n-tf (Column decoder) 37 l±, JifBT Kl/*/tv 

i/-r 2 i m<Dm%i'£nt~¥v bffit>K ii^utf- hms&3 2 &^lt, -t*>*y 

>^3 1 £^$!3;ft£o 
[0 0 3 9] 

#ffiimi&T-&£^-^tf> >f|IJ{& (C h a r g e pumps) 3 8lt ^ 

%mmm&*g-i±.LTW£&fr%<Dm}± sv) , m^m<Dmi± (t=. 

till 10V (Vpp) £J:tf-7V) £#§£-f£ 0 Zl -V - Ptfy -fm^ 

3 8-ei§^$4xfe#^^^ffl(D 5 votEtt, ±fe«^ii^mi^3 3fc#y&$*i 
•g>o m^Mco- 7 v©ajEii^^';-fe;i/r i/-r 2 1 {c#t^$ti, iovco 

«J±V p p I/- #01$ (Regulator) 39 &c£y&£*l<5„ 

[0 0 4 0] 

l/^a l/-#[Si&3 9 ft, fcil^DAll^/^-^tlll^CioT^^nTVN 

l/^n. l^-#®!&3 9 -e#§£$*l£flJ±V g -hontaiti, ±fHD 
[0 0 4 1 ] 

V^) <D*lTVN£ a 

[0 0 4 2] 
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U-tz;b<Z>r7- KWir;U77 F^{Cfp*DLT, jg^KStlfe^ 

[0 0 4 3] 

^©S^ii^^U 77^ dlJ&tt, ffife(Dmi± (Vr,. Vr, Vsw2) 
QfrttMHteZt^VlzJlOy-- KliCMl, m^CDSJE (Vr) l'J77l/ 

[0 0 4 4] 

4 1 #igtt<b*lTV^o 
[0 0 4 5] 

<Z>i^ $T® & * ©. & S c 
[0 0 4 6] 

EUtCfc^T, PS^iMI (P-substrate) 21a ftiCte, N 
M^xA/fif^ (N- w e 1 1 ) 2 1 b*^jsR3tiTV^„ £*>IC. I©NS7x 
;Hi2 1 bftfCte, Pl7i;H« (P-well) 21 c#JgJ*3*lTV*S 
. ±IHPM^x;i/^2 1 cftlCH:, -eti-etu n +IHt^?>^5^ *E V iz;b 
Kb>f >«c2 1 d, 2 1 e tfSV^CMLT^f&^tlT Vx£ 0 L 
T, Z1(Z)V-*/ Fl^-Y >M^c2 Id, 2 1 e (DmS.m<D^^^JVm^±lZl l t, 
0^LT^&V^iiiiR£;frbT, 7D-f-f>^-b (Floating g 

ate) 2 1 ftfmmzn. s^ic n-^ yff- v 2 1 f _tic&, 

0^LT^&v^li]K£;frLT, =2 > h n -JVtf - h (Control gat 
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e) 2 1 gi$Bf&ZtlT^Z> 0 
[0 0 4 7] 

±fBPM¥#ttS«2 l SLiztev+MMi&frbte&ziy*? MR«2 l 
[0 0 4 8] 

hmi±V S -hontaitf, F l/>f >MS 2 1 e £te F 1/4 >mj0t V d V-Xffi 
1 i, 2 1 j {CteV-x«J±V s £|eICllJ±#, h1K*£2 1 hJCliO V 

[0 0 4 9] 

JhSB^^U-fe^tt, 7n-f-f y>?>f- h 2 1 f ic^»3*is«^<Bitc«j:o 
T, "3" "2" 1"<;k "l" "0" u^;v&fH'» 

ts„ -ett> ia^£iz;v^-#©b^;wcj£;CT> n> hn-;i/^- h 2 1 

[0 0 5 0] 

<DT*$>Z> 0 

[0 0 5 1] 

®3 ic^t, ±fa* ; ty iz;by U'-f 2 1 anRcD^y-fe/i' (##iz;i/) 

D-;i/>f-h (21g) te, ~WLn O^^OMtSl 

C©#KH>«i (2 1e) «8Jt©tfy hJWB LO ~B Lk 

-rs 1 o<z>ify hJ»tc^au:SiKS4xTv^. -It:, ;* ^ y -fe;i/T u>f 2 1 t± 

^ffc© :/ n >y ? iz ##j 3 *i t y , Hcyny^W©^^'Jt;i/MC©#y-^ 
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mm (2 i d) ft. mmw-^m (e^ltvn&v^ (Do^o^-t^^nv 

[0 0 5 2] 

#fcfy hUBLO ~BLk it. m%t<Dmmh^yisXZ STO ~STk <Do*> 

TV^„ S^N7>^^tST0 ~STk -£*i^*iCD>f- «8St©*9 
AifcgCO LO —CO Lm ©e>*><DM/^-r-5 1 0©#^A^C^M£*lT^£ 0 
[0 0 5 3] 

±IHir > X T > 7 3 1 it, friLiUi. ^tWCCtJUS I c e. 1 1 t 3 
0©'j77U>^tlI ref_i (i = 0, 1, 2 ) £ £ ^n^ftitm^Z f=. 

®><Dmmmm%§ (mi, ^2, H3©t>^7>^) 31-1, 31-2, 31-3$: 

^l, #^§frif i|>@#g 3 1-1, 3 1-2, 3 l-3ffiffii;D0 , Dl , D2 OWsmmW 
[0 0 5 4] 

z.(Dmmmm(om&. *ftt;bMC0t«i c e 1 1 n ^i&ifii»g^3 1 

-1, 3 1-2, 3 l-3©^-M^A^7s^{C#fc^$tl^ 0 lOt^tSSlIce 1 1 ©, 

±mmmmmm3i-i, 31-2, 3 1 -3<D^Km,AM^(Dmmt. pimos 

b^yis** 3 1 a ^itFnSMO S h ^ y # ^ £ A-f h^>i>'^ 
# 3 1 b £*M/Tfr;fo*i<6. 
[0 0 5 5] 

1"&;b*>> ^lfrffif@#§3 1-1, 3 1-2, 3 1-30#SliAMlt PIMOS 

30pSMO Sh7>^^3 1 aCDV-^mmzit. MMV c ctfga&StlT 
V*5. plMOSh7>^^3 1a0Kl/^>«iit A-TT^h^> 

3 1 b<£> Kl/>f >flg*KKl88ffiS*lTV^. 3©AV7^ b^yV** 3 1 

;H7^ 3 1 b©y-^fg^clC, ±sa-fe;i/T W-f 2 1 fa(D&\Z y h 

HBLO ~B Lk fCO&#£, ±fBW*h^>^;*# STO ~STk ©#KW 

> fi ^ m iz mm £ n x ^ s . 
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[0 0 5 6] 

— ±IHU 77 r e f 0, 1, 2 it. piMOSh5>^? 

3 1 -la , 3 1 -2a , 3 1 -3a £ £ t>* nSM O S h ^ y S/X # ^ <o & £ AW 
h7>^^3 1-lb , 3 l-2b , 3 l-3b £^LT> ±fBHIfriiiPs#§ 3 1-1, 
3 1-2, 3 l-3(Z)-etl^tl©^^A*^iC^Stl^o 
[0 0 5 7] 

3©^. mmmm^3 i-i«#£3£A;m&, p mmos h^>>^^^3 1 
-ia <D>f- hmMis&xfFujyMmzmmznz^^o iopsmo s v^y 

*J*Z 3 'l-la <£> V-XflfJgcCte, tiVcc^il§^T^5. pSM 
O S h^yPX* 3 l-la <D Kl/>f ymmt. V^yV^^ 3 1-lb © 

KU>f ^M^lC^M^tlTV^,, Z:©/HrXh7>^^3 1-lb CD^- hS 

itcit 7U7^siib i As^ti§ntv>s 0 

[0 0 5 8] 

IrI^IC, M«ifiSll3 l-2(D#>KKAiJ^«> plMOS 3 1-2 

a GD>f- h«M£tF Kl/>f >««JC^S*lT V^S. ICDpIMOS 
*#3 l-2a ©V-^1H«JCt±, c c#gMB3*lT^<5. P^MO 

Sb7>^^3 1 -2a ©KM AW 7^h7>i?X^3 1 -2b © K 

u>f >1£*KK:i&&S*iT^S. r®;^rxh7>^x^3 l-2b (Dtf-bmffi 

/HTXlllB I A Sjtf8M83*lTV*5 0 
[0 0 5 9] 

MHC, ^l&it(i§f|3 1 -3©#^«A*^li, p!MOSh7>^^3 1-3 
a <Z)>f- h«M^<fcy c FU-r>fI^lC^iB$4xTVNSo rfflpfMO S h^>^ 
3 l-3a CDV-XMiUclCli. «2SV c c #g?$s2 tlT .' pSMO 
Sh7>i?X^3 l-3a © K UW h7>^^3 1 -3b <Z) K 

W >«fC^M$#lT^3 0 r©/WfXh7>^X^3 l-3b (Dtf- hSS 
{Cli, ;U7^SIiB I A Stfg^E^tlT^Sa 
[0 0 6 0] 

■eit, rtlkAWT* h5>^^ 3 1 -lb , 3 1 -2b, 3 1-3btf)#y- 
Xffl&fcs ±mV 77 b>**?5?tl r e f 0, 1, 2 #£UfrS *l5 = r> £ U , U 
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77^^Iref0, 1, 2 i± £ 7c 1$SS #§£Hli&4 1 

[0 0 6 1 ] 

»m«2M£tiii&4 ite, nri/^utirefo, i, 2 ^-en-etue 

££1±£7c#)tf)#lS£[I!i&4 la, 4 1b, 4 1 c £iI;LTfii/&£ *lT Vn^, 0 #g£ 
IS5&4 1 a, 4 1b, 4 1 c (£> ^tl-^tUi, 'J77l/>^iJ7Ah7>^^ 4 
1 a-1, 4 1 b-1, 4 1 c-1, 'J77l/>^h7>i?X^QNR_i (i=0, 
1, 2). £<k£>\ Sffi#g£[IIS&4 1 a-3, 4 1 b-3, 4 1 c-3^lT^5„ 
[0 0 6 2] 

±ia'J77l/>7;*7Ah7>i/7x^4 1 a-1, 4 1 b-1, 4 1 c-l(inlM 

0 S N^>^;*#7>fb&U. Klx^r >«^>^ti^ti^, JtfB-fe>xy>7°3 1 

t^(Z)7^-f h^>^x^ 3 1 -lb , 3i-2b, 3 1 sb <D&y-*mmzmm 

3*lTV^ 0 'j77b>Xjj7Ah7>^^4 1a-l, 4 1 b-1, 4 1 c-1© 
hm^tCti, U 77 U>7>*5AiRCO L70^M$tlT^^ o 
[0 0 6 3] 

±IB l J77l/>Xh7>i?X^QNR0, 1, 2iinlMOSh7>^^!^ 

<b&u, \^u^ym^(D^n^ntiK ±mv 77 i^**^/^^;** 4 1 a 

-1, 4 1 b-1, 4 1 c-l<73#V-XM^C^;|i$*lX^£ 0 'J77l/>7,h7> 
QNRO, 1, 2©#^- hm^tCte, ±fH«J±2g£[I!!&4 1 a-3, 4 1 
b-3,.4 1c-3«$|XT^^ 0 'j77b>7xh7>^7>^QNR0 ) 1, 2 

[0 0 6 4] 

±fB«j±56^IUiS&4 1 a-3, 4 1 b-3, 4 1 c-3B, 'J77l'>Xh7>^ 
^QNRO, 1, 20)&tf- NSi (U 77 isyxv- FiRWL_i ) iZWM 

z n <s> *i± & -e *i -miss* -r £ ^ <d -e & £ 0 

[0 0 6 5] 

04 ±IH*i±56^tHlS&4 1 a-3, 4 1 b-3, 4 1 c^OMi^^tt© 

■efe-So ^r-ett, iwih (a) ~ (c) ic-eti-rti^-r ie>{c, «jE5§^mj^4 

1 a-3, 4 1 b-3, 4 1 c -3£>}t/&ta|SJ- £ U #U 77 U>7>tJl/RC 0, R 

2 0 ffilE#2 0 0 3 -3 0 4 2 9 6 9 
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CI, RC 2<Z)LSV^«EEV t _i (i=0, 1, 2) <Z>**^J&* «k tC# 
[0 0 6 6] 

s (a) - (c) {c^vnt, ws_i (i = o, i, 2) it. mmmrn p m 

MOSh7>^^PQa_i (i = 0, 1, 2 ) © h ^ 3 > # >^*e 
WV_i (i=0, 1, 2) it. ^'J77>f (VFYB = L) f$«2«g| 
plMOSb7>^73(PQb_i (i = 0, 1, 2 ) (Z) h ^ > X 3 > # > 
X-c?^>^„ WR_i (i = 0, 1, 2) Ji, ML ( R D B = L ) B$m3fg&& 
pgMOSh7>^X^PQc_i (i = 0, 1, 2) CD h # > 

[0 0 6 7] 

WS_ilt pIMO S h7>^^PQ a_i ©#V-^mffitC#^.e>*l* 

0 rcDpMMO S h5>'^^ PQ a_i Of- hfc «fctf Kl/>f >1E«tcMu J £ 
tl-Ttl, n§5[MO S h7>^^^f)45;H7X h7>^^NQ a S/fbt 

, >j77u>^^Rc_i <i = o, i, 2) cdfisj ymmttmmztiT^ 

U 77l/>^t;i/RC_i tf>n> hn-M- h (Vg-ref) ^ 
[0 0 6 8] 

^mmmmo^m^. y77u>^"fe^ (ii©y77u^t^) rco-oi 

i^ffiiffittVtOTJfcy, 'j7 7V>7xt;i/ (l2 0'J7 7l/^t^) RC 

1 (Z)L^V^«BbteV t 1 (Vtl>VtO) t'fe'J, 'j77l/>Xt;i/RC2 
©•l/t^$ltffittVt 2 (V t 2 >V t 1 >V t 0) h&oT^£ 0 

[0 0 6 9] 

JifBpMMO S Y^yVTs* PQ a_i h £ <fc t>* K V 4 y iZ 

it. -etl-^tl, pSMOSh7>^^PQb_i, PQc_iW-h^i 
i$3*lT^S. pSMOSh7>^^PQb_itt, #V-J*«ctCWV_i 
3^«»Sn<5. pSMOS h7>^X^PQb_iO#Kl/^>i^H pIM 
O S PQ d<D#V-*MJclCg^3nT^£ 0 pSMO s v=yyy 
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pq d(D&f- hit. s<vy r^rn^mv fy BizmmznT^Zo pMm 

O S h^yVTs* PQ c_i it. #V-X^&CWR_i #£y&£*iS 0 pSM 

os h ?yV7.z p q c_i Fi/^ ymmt. pImos h^>£;*#PQ 
. I*JtJLi#lRDB izmmztiT^2> B 

[0 0 7 0] 

pfMOS h7>i/'^^PQd, PQ eC^FU^ 
^iltjiC, nSMO Sh7>S/"X^*>P)^S;W7Xh7>^^^NQb0Fb 
-f>«u £J:£>\ nMMOSh7>^^^NQc©y-hiC, ^tl^tl^MS 

X#NQ c<D# KU>f ymmzmWi2ftr\t^Z> 0 nSMO Sh7>^^NQc 

cd#v - xmrntmrnmrnzmmzn. h«±iau 7? h^yv* 

[0 0 7 1 ] 

Xh7>^^QNR0, 1, 2 iCU 77 r e f 0, 1, 2 

t=.®(D. U77U>^t;i/RC6, 1, 2©L^Vx>fa*i±V t 0, 1, 21CJSC 
7cffi##^;ft^;ft£j&;*ftT> y77U>Xh7>.^^QNR0, I, 2tf)# 
^f-Mt (U77l/>7,7-FlRWL0, 1, 2)' {C^^n-So 
[0 0 7 2] 

i->&fc*>> f-^©i*tt}ltiCSW§U77l/>XiSl re f_itt, p 
IMO S h^ytsXZ PQe^tX pMMO S h^>^7.# PQd^t7^^ 
oT, WS_i £WR_i ZKDifciZJ&VX-ZJimffil r e f c e 1 1 _ i (i = 
0, 1, 2) ^ftipg^n^r ^(CJ: y^Stl, K>J -7T-<mz&ttZ> >J 77 b 
r e f_i(j:, plMOS h7>^* PQd*«tX plMOSh 
7>^^PQe #;*:7£&oT, WS_i £WV_i fc<Z>ifclC£& CTiz;t/«8fg 
Iref cell_i (i = 0, 1, 2 ) #*IH6S tl5 i il fC «fc y ;ft£ 0 
[0 0 7 3] 

ZZX'. U 77 l/>X-fe;i/RC_i 0>b£V%-fBSffi£ V t _i , >r'-h«J±V 
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rftf;j)0l$©1z;i/M8fc& Irefcell_i, WS_i : WR_i = 1 : a_i 
.., WS_i : WV_ i = 1 : b_i 

I r e f _i = a_i I r e f c e 1 l_i (i*{t}ll|) 

= b_ilrefcell_i (^'J77>fi|) - (1) 

[0 0 7 4] 

iot, VtO<Vtl<Vt2(Di:g, b 0/a 0<b l/a Kb 2/a 
2 fc-rttJi, fci^tf® 5 &C^1-J;e>{C> #/<ij7T>f7-j;> Ire f _i_ 
v-Iref_i_r (v(^'J77-fl, r b«rfe*n-?n^) # 

a_i, b_i 0>j&I*i^;foi±###^& o 

[0 0 7 5] 

>XtJI/RC 0 ^tf)>J 77 l/>Xt;VRC0 &C§£*l£-fe;i/mfcfE I r e f c e 
110 £if*Sf SmjEie^tSgM 1 a -3, _hfHU 77 U>Xt;i/RC 001^^ 
ffiUJEE V t 0 «fc y fcig^L£Vvfia«JEEV t 1 il^tlt 'J 7 7 V>^t;i/RC 1 
, rffl'J77 b>^ir;i/RC 1 tC8BtlS"fe;i/«J6I refcelll SrJffg-rs 
mjEE3&£ia»4 1 b-3,' fc<fctf, ±8EU 7 7 U>7vt;i/RC 0 , RClfflbt^ 
fflSflbV tO, V.tU y *>i«V*l,£V>|t«JEEV t 2 fcStlfc'y 7 7l/>Xtjl/ 
RC2h> r(D'J77b>7>t^RC2 fCjjftti £ iz ;i/*Sfe I refcell2£ 

4 1 &-3Kl3VZ>7 : -*MfrmV1%<?)nWL<Dmmm (a_i) 

^y 77>f *$<DmwL<Di%mm (b_D <Ditx*&z>mi<Dmffimm&i$i 

mj±#§£nj]&4 i b-atcfews^-^K^ffiu^mag^itwspicM-r 
*»&&*xy yTjm<Dmffi><Dm^m<nftr~&zm2<Dmffit%mi£tf 1 * y *> 

safg&a^y 7t-y ^©«sK©*s?t@^8(z>ifcT?*><5ig3 ©m«&Jir*@jfc# .1 £y% 

[0 0 7 6] 

0611. U 7 7 V>7.«5fL I r e f jC*f^*S ^JV^<D— m^B^^<DX^^ 
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[0 0 7 7] 

Iref OvCiot, ft J® "1" iZftfoir j\sftft<DTmt V V 7 U>xm 
mi r e f 1 vtCiroT, TO "2" &C2**S^£ iz;H^tf>TPK« U 7 7 Uy* 
mmi r e f 2 v(Cj:oT. *4x-?n*l«S*l-6. 
[0 0 7 8] 

fit, 'J77l/>X«jtIref0rtt, TO " 0 " IZMJfc-tZ ^JV^t 
TO " 1 " lZttJ&~?Z-Z)\sftttHa>miZ.^ 'j77l/>^ISlref lr», ft 

1 "i" ic*f/Si-s-fe;v^i:TO "2" ic^&^6iz;i/#*ffh<z>|igic, 'J77 

U^lSl r ef2rlt TO "2" {C^-T-S-fe^^ilTO "3" &C*f£fc 

-rs ©rate -eti-rtifits-rso 

[0 0 7 9] 

0 7tt. #if^€ - Kt© 'J 7 7 U I r e f , *fttJbMC 
©>f- h«J£V g_hontai£ U 7 7 U>7xt;i/RC0^- N<SJEEV g_r e f H 

ZTjk-? $> Z> 0 U 7 7 >f O E vmtr- * 

^iA^TO "2" S:SgtSfeft©ftiiM'J77'fPV3i$i:i:fetfSiJ7 
T Ireftt Iref2r I r e f 2 v V^if <fc V^ Z. £ 

[0 0 8 0] 

f-^©l*{f}b^ (read^E-K) iCfcV^T. 'J7 7l/>7f 
Iglreflilref Or, lr, 2 r , ##;-fc;i/MC h«jEEV g_hont 

ai£ J:fJU 7 r ^>*ir;i/RC h«}§V g_r e f ti-etl-^tlV r^jio 

[0 0 8 1 ] 

7chX.li, i^U77^f| (EVt-F) IC&^T. 'j77l^>^ISlr 
e f (i0 v, *ftt^MC(!)y- h«BEV g_hontai^J:7JU 7 7 Uyx-ZJIR 
C<Df- h*ffiV g_r e f lZ*tl-€tlV rh^ot^S. 
[0 0 8 2] 



2 4 



miE# 2003-3042969 



#2002-206177 

fc£;ttf, mn^<v yr^m (oev^-k) k&^x, v7Tis>xmffi 

I r e fli2 r (v), )\,MC(D>f- hftE V g_hontaiJ£ V s w 1 , U 

77 L/>Xt;i/RCffl^- MIV g_r e f (iV r ^J&ot^S. 
[0 0 8 3] 

T-*-#<z>##&<MKfS "0" ZMfeirZfcitKDmg&fr^V 77-f 
I (PV1 ^6- K) tC^T, U77 IreflJlv, #flffe;i/MC 

<D¥- bm&V g_hontaife .fctf'J 77 l/>7st;i/RC©>f- S«^V g_r e 

[0 0 8 4] 

-x 1 -*©*^^^ "i" ZMM-rz>f~®>e>mi*&fr'<V 77^f 

f$ (PV2=E- F) (CJ3V>T, U 77 l/>7.mSfg I r e f «2 v, «;i/MC 
h^ffiV g_hontai^ J:t>*U 7 7 l/>Xt^RCffl^- MSV g_r e 
f It^ti^tlV r £&oTV^„ 
[0 0 8 5] 

fchiH ^-^tfX^&^Jg "2" &^i-^>7i*©#^^^^'J 7 7-T 
B£ (PV3^- K) U 771/>^IHI reftt2r (v) , ^fls-fe 

;i/MCCD>f- H«j±V.g_hontailiV s w 2, U 77 U>7>ir;i/RC(D>?f- h* 
■ffiVg_r e f ttV r fcfcoTV**. 
[0 0 8 6] 

=k*>3A,«Ttg"e&£ 0 aj^tnjt', I r e f _i_v - I r e f _ 

i r = I 0 £ L,fcV*»^JCtt, 0 6©#tS&%i:lC, 

(b_i-l) gm (Vr-Vt_i) =10 

b_i = l + I0/gm/ (Vr-Vt_i) - (2) 

;i/«SteI refcel l_i 0 t>7>^n>^f 
[0 0 8 7] 

V 77 b>7s-fe;i/RC_i (DL^VN-famjEV t_i £, ^4x-?tl, 
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[0 0 8 8] 

©'J7 7 I r e f _v RfCU 77 l/>7>tJl/RC_i fre> 

7>f7-^>li, ±!HIIf 2: , ;7 7l/>71?;i/RC_i ^ £ JCtS^^S i: o \Z 
[0 0 8 9] 

lo0'J77l/>7Nt;i/i:j;oT2o©y77 1/ £fg£7? §s 
[0 0 9 0] 

[0 0 9 1] 

*J fittfc f S d £ =fe pT IB T* & S o 
[0 0 9 2] 

H8tt, mtiL7?v S/a^^U IC&V%T, 'J77U>7t^&2ot l/fei^ 
7^QNR2©^- h It^I (RWL2) ^#0$ £ i±£ £#)CDS 
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[0 0 9 3] 

^CDWCfc^T, tc t X.tf«i±2g£[Ili& 4 1 c-3' fc*, «jE2§£®!&4 1 b-3 
©A-f T^«JBEP B IAS ZlbtlZ, V7T Isy^Mtiit I r e f 2 
«fc3&C*gf£3*lT^6,, iUT, 'J7 7U>XtJl/RC_i©S^P)U IS 

[0 0 9 4] 

rc9l§-£\ VtO<VtlC9££, b 0/a 0<b 1/a Kb 2/a 2, b 

i>b2, a i >a 2 ^ii^-r j;e>^A^^-^igs^^$ti-5o -r&fc*., * 

J±f§£E!i&4 1 a-3&Cfctt£^-#§^fflLI$CD«^<Z)m(« (a_i) 

zmz&fr^vyT^m&mffivmmm (b_i) (DitT*$>z>mi<Dmmmm}& 

AUj:n^^<, «ffi3§£tUi&4 1 b-3, 4 1 c-3' (C& #SB#ffi L 
^CO«^CT)iti|lS^(C^-t- £ U 7 T <4 B#CD«^CDJf ipg^CD JtT? & S % 2 

©ssK*n(sjfc*« u»j < > l^*, i (Dmmmmittfm 2 <z>tt%jgfij£ 

[0 0 9 5] 

I r e f J3 «fctf4*- h«ffiV g_hontai, V g_r e f CD#i&tf^- KT?CD 

aa*^ & a 1 0 tc. ti ti^t l t ^ £ „ 

[0 0 9 6] 

IB (#) H«m«tCtta^©«l8©»W^***iTfey, BB^S*lS«»©«« 

s#tcfe^sai[«jjffl*^*?*jcj:ys>?r©»w*««rms*i#«o fc£;ttf> ( 

[0 0 9 7] 



2003-3042969 



#2002—206177 

* ♦ 



» 

mi] 

m (D-mm^m ic & ^ -5 mm y^vi/=r^^v<D m&m & ^-t n v v m 

o 

[02] 

Ho 

[03] 
[04] 
[05] 

04 ©ttj!±#}!£[IIi&fC£<gK mm.y'yv is=L*^V &C£tt£ V g - Icell 
£^0„ 
[06] 

01 tf>M>^y i/n^^u tcfctfS, 'J 77 v>^«§lic*ffi>-fe;i/^ffi 
. 107] 
i: ©M^-^-fcit £^-f 0o 

[08] 

&c # £ «ffi#g£[a{&cDffi(Z>*»f&M £ ^i-@j2&0 o 
[09] 

0 8(D«JEb#§^0S&{C J:§, mm? ^ V i/ * =£V IZ&V Z>V g - Icell 
[010] 

2 8 M2 0 0 3 - 3 0 4 2 9 6 9 
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mi 2] 

HI l«-l77«yi/a^ : EU(:feWSVg- I c e 1 1 #'f£ fr^Mo 

mi 3] 

mi K7)=Lm.7*7Vis3.* : £VK&ttZ>. ^WS\^~ FT*<Dff- h«j±<£>M<^ 
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3i-i, 3i-2, 3 i-s-mmm^ 

3 1 -la, 3 1 -2a , 3 1 -3a ••• p iMO S h ^ > V* # 

3 1-lb , 3 l-2b , 3 l-3b -;H7^ h7>i/^^ (nSMOS h7>^ 

3 1a -pSMO S h ^yVT.* 

3 1b - b^yPX* (nlMO S h^yP^Z) 
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3 4 • 
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41a, 41b, 41c 

4 1 a-1, 4 1 b-1, 4 1 c-l-'j77l^>^^7Ah7>^^^ (nfMO 
S h^>^*#) 
4 1 a -3, 4 1 b-3, 4 1 c-3 (4 1 c-3' ) ••- < BJ£D§£HJi& 
MC-^^'Jt;!/ (;fcfls;-fe;i,) 
WLO ~WLn -17- KJK 
B LO ~B Lk -If ^ h|K 
STO ~STk 

COLO ~COLi -*7A» 
I c e 1 1 -tJimtiH 

lref_i(i = 0, 1, 2 ) — V V 7 U 

DO , Dl , D2 -MlfJf i(§#§3 1-1, 3 1-2, 3 l-3(7)ffi7J 

V c c •••W^ 

B I AS-;H7^«il8 
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P B I A S-;H7XiJ± 

Q N R i (i=0, 1, 2) •••'j77b>Xh7>^X^ (nfMOSh? 

R C O L ••• 'J77 

RW L i ( i = 0 , 1, 2) -'J77U^!7-KII 

RC_i (i = 0, 1, 2) •••'J7 7l/>7t;i/ 
Vt_i (i=0, 1, 2) -';7 7l/>7,t;i/©Lt^ilJ± 
PQa_i (i = 0, 1, 2) -tWiplMOSh7>i;7,^ 
WS_i (i=0, 1, 2) -plMOSh7>J?X*PQa_iOh7>^ 

PQb_i (i = 0, 1, 2) -^'j77^Hl«ipaMOSh7>^7 

WV_i (i = 0, 1, 2) -piMOSh5>^^PQb_i©h5>^ 

PQc_i (i = 0, 1, 2) -MbHlMipSMOSh7>^^ 
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